While the ®rst detailed description of obstructive sleep apnoea (OSA) only appeared in 1966, 31 many had noted its characteristics prior to this. The best known of these descriptions is Dickens' portrayal of Joe the Fat Boy in The Posthumous Papers of the Pickwick Club, although it would seem that Shakespeare had observed the symptoms at least three centuries earlier. Considering Shakespeare's comic intent, it is clear that the audience would have been aware of them also. This suggests the problem to be a common one as several large studies now con®rm. 11 120 139 These studies demonstrate that between 2 and 4% of middle aged adults have clinically signi®cant sleep apnoea with a male:female ratio of 2:1.
Sleep apnoea is of particular concern to anaesthetists. The patient with disordered breathing during sleep is likely to also have disturbed breathing when sedated. This effect is compounded by sedation-related compromise of arousal, the mechanism that protects the sleeping patient from life threatening consequences of a breathing disturbance. Furthermore, the upper airway abnormalities that predispose to breathing obstruction during sleep may also make tracheal intubation dif®cult.
This review is presented in three sections. In the ®rst, sleep-related breathing disorders are de®ned and the pathophysiology, clinical features, and management discussed. In the second, the nature of sleep and anaesthesia and their effects on ventilation are considered and in the third, the anaesthetic management of patients with sleep apnoea examined.
Sleep-related breathing disorders
De®nitions Disappointingly, there is as yet no broad consensus regarding standard de®nitions, including thresholds of signi®cance, for many of the terms used to describe sleeprelated breathing disturbances, although a recent report has addressed these issues. 4 It is generally agreed that an apnoea, de®ned as a cessation of air¯ow, has to exceed 10 s duration to be considered signi®cant. No standard de®nition of an hypopnoea exists. It is usually de®ned as a reduction in air¯ow or respiratory effort for more than 10 s accompanied by a desaturation of 3% or more and/or electroencephalographic evidence of arousal. 4 126 The apnoea hypopnoea index (AHI) is the number of apnoeas and hypopnoeas per hour of sleep and is used more or less interchangeably with the term respiratory disturbance index.
The apnoeas may be obstructive, central or mixed. Obstructive apnoeas are characterized by persistent effort without air¯ow, while with central apnoea, effort is absent. OSA, where the apnoeas are predominantly obstructive or mixed, is much more common than central sleep apnoea. Sleep disordered breathing is a term commonly used to encompass both these and other related conditions, some of which are mentioned below. The term obstructive sleep apnoea syndrome is applied when OSA is accompanied by daytime sequelae such as excessive daytime sleepiness.
As there is a continuum of possible AHIs from trivial to severe, de®ning the presence of clinically signi®cant sleep apnoea is somewhat arbitrary. It is generally agreed that the AHI should exceed ®ve to be considered signi®cant, with some advocating an AHI of 10 or more. It has been suggested that an AHI of ®ve to 15 represents mild sleep apnoea, 15±30 moderate and greater than 30, severe. 4 However, the magnitude of associated symptoms and hypoxaemia also need to be considered when severity is determined. 77 Hoffstein and Szalai 51 found that even with the inclusion of a`clinical impression' by the examining sleep physician, clinical features could not reliably predict the presence or otherwise of OSA. Many patients, brought along to clinics by concerned bed partners who have witnessed apnoeas, deny symptoms. Conversely, some patients exhibiting all the daytime features of OSA have few apnoeas or hypopnoeas. Some of these habitual snorers have been found to have recurrent arousals from sleep resulting from increases in upper airway resistance not suf®cient to cause apnoeas or hypopnoeas as usually de®ned, a condition now known as upper airway resistance syndrome. 45 Complicating matters still further is the variation in daytime sequelae, a few patients, and women in particular, presenting not with excessive daytime sleepiness but with other symptoms such as anxiety. 5 Nor do the above criteria always apply satisfactorily to children. 97 Pathophysiology OSA A narrow,¯oppy upper airway provides the pathophysiological basis for OSA. This may have a congenital or acquired origin (Table 1) . Usually such an airway does not cause problems during wakefulness. However, with sleep the associated loss of skeletal muscle tone makes the upper airway still narrower and¯oppier, particularly during rapid eye movement (REM) sleep when muscle relaxation is profound. This has two important consequences as gas is accelerated through it. First, the structures will tend to vibrate as turbulent¯ow patterns are produced, with snoring the result. Second, the pharynx will tend to collapse due to the Bernoulli effect, with resultant partial or complete obstruction. Obstruction will persist until sleep is interrupted and muscle tone is restored. Usually these interruptions are momentary arousals lasting less than 15 s and the sufferer is unaware of them. Occasionally, the obstructive event will result in an awakening, and the sufferer may complain of waking suddenly or with a snort or a snore. With arousal, breathing is restored and after a few breaths deeper sleep will resume with recurrence of the problem as the muscles again relax. In the more severe cases of OSA, this cycle of apnoeas and arousals may occur hundreds of times a night. In the more subtle cases, it may only occur in certain sleep stages (particularly REM sleep) and postures (particularly supine) or after alcohol consumption. The result of this constant sleep disruption is lethargy and somnolence during wakefulness.
Central sleep apnoea
Inadequate breathing during sleep due to diminished or absent respiratory effort (central sleep apnoea) may occur in association with disorders of ventilatory control or neuromuscular function or where the respiratory musculature is excessively loaded (Table 2) . Patients with such conditions have diminished ventilatory capacity that may be suf®cient for their needs during wakefulness but results in hypoventilation during sleep when the drive to ventilation is reduced and the compensatory mechanisms fail. Consequences Table 1 Known and suspected predisposing conditions for obstructive sleep apnoea
Condition Examples Contribution
Obesity, body fat distribution 41 46 Adult obesity, Prader-Willi syndrome Complex and ill-de®ned Race/genetics 6 92 ? 63 73 Unclear Anaesthesia and sleep apnoea include hypoxaemia, hypercarbia, sleep disruption and daytime somnolence. Unrecognized and untreated, polycythaemia and/or respiratory and right heart failure may supervene if sleep related hypoventilation is suf®ciently severe. Similar consequences can accompany hypoventilation due to severe OSA.
Symptoms and signs
The key symptoms present in most cases of sleep apnoea are heavy snoring, occasional sudden awakenings that may be associated with momentary choking, apnoeas witnessed by a bed partner and excessive daytime sleepiness. Obtaining a history from the bed partner can be vital in eliciting several of these symptoms. Apart from these cardinal features, other recognized symptoms are listed in Table 3 and the signs in Table 4 . While the symptoms lack speci®city, in many cases a reasonably con®dent diagnosis may be made on history alone.
Investigation
The gold standard investigation for sleep apnoea is full overnight polysomnography (PSG) from which the type and severity of any apnoea may be determined. Electroencephalogram (EEG), electro-oculogram and submental electromyogram (EMG) are recorded for the purpose of staging sleep. Respiration is assessed by monitoring oronasal air¯ow (pressure transducer or thermistor), respiratory effort (inductance or impedance pneumography to monitor thoracoabdominal motion and/or diaphragmatic EMG) and pulse oximetry. Additionally, it is usual to monitor body position, sound and electrocardiogram. Videotape to record body movements and transcutaneous carbon dioxide are also used in selected cases. Subsets of these may be used for screening purposes, an example being the MESAM 4 system using oximetry, heart rate, snoring and position. 119 Originally, the PSG data were printed out in real time using a polygraph. This method has now largely been replaced by digital storage techniques using a variety of commercially available software packages. Either way, the records are examined in 30 s`epochs' and the sleep stage for each epoch is determined using the criteria of Rechtschaffen and Kales. 91 Respiratory events are scored using the de®nitions listed above and the total number of events, their duration and the degree of desaturation summarized for the whole night and for speci®c sleep stages.
Nasopharyngoscopy or upper airway imaging (lateral cephalometry or computed tomography) may be performed to guide treatment; for example, whether or not surgery will be of any bene®t.
The results of these investigations are relevant for anaesthetists as they give some indication of the likelihood of dif®culty with intubation or airway maintenance.
Sequelae
There are many sequelae of sleep apnoea which have limited relevance to anaesthesia. A variety of confounding Tables 1 and 2 ) associated with sleep apnoea Loadsman and Hillman factors exists which make this issue a complex one. 69 The symptomatic accompaniments have already been listed (Table 3 ) and other sequelae are summarized in Table 5 .
While yet unproven, several of the acute changes associated with apnoeic episodes have the potential to in¯uence perioperative progress. Possible complications include arythmias, myocardial ischaemia, cerebrovascular insuf®ciency, intracranial hypertension, mental dysfunction and poor wound healing. 30 34 35 58 93 98 99 101 Chronically, if the sleep apnoea is severe enough, respiratory and right heart failure may develop as the result of persistent, severe nocturnal hypoxaemia and hypercapnia, further increasing the risk of anaesthesia and surgery.
Treatment
OSA In mild cases, conservative measures alone may lead to a satisfactory improvement. These measures include weight loss, reduction of alcohol or sedative consumption, sleeping laterally, and cessation of smoking. In most cases, however, these form an adjunct to more aggressive therapy, either because they are insuf®cient by themselves or because they prove dif®cult to achieve. 37 Trials of drugs that alter sleep architecture or upper airway muscle tone and electrical stimulation of the upper airway muscles during sleep have so far proved disappointing.
Introduced by Sullivan in 1981, 121 nasal continuous positive airway pressure (nCPAP) remains the treatment of choice for OSA of at least moderate severity. 36 This treatment is highly effective and prevents obstructive events by pneumatically splinting the upper airway. 90 Compliance, however, is variable and in milder forms of sleep apnoea, where daytime symptoms are mild, it is often not well accepted by patients, being moderately intrusive. 36 In severe OSA, particularly when associated with morbid obesity or other coexisting disease such as chronic air¯ow limitation, the patient may present in respiratory and right heart failure. In addition to the obstructive apnoeas, central sleep hypoventilation can be present in such cases, particularly during REM sleep. If so, initial control is often best achieved with non-invasive bi-level ventilatory assistance. This involves the delivery of intermittent positive pressure ventilation (IPPV) with positive end-expiratory pressure via a nasal or face mask using BiPAP (Bilevel positive airway pressure) or similar device. Once control of sleep hypoventilation and respiratory failure have been achieved it is often possible to convert to CPAP, a cheaper therapy, if the predominant problem has been OSA. 89 The use of oral appliances that reposition the mandible (forwards), increasing the pharyngeal dimensions, is becoming more common for the treatment of snoring and milder forms of OSA. 2 86 Potential complications of these devices such as temporomandibular joint dysfunction have not yet been widely investigated, 36 but there is now evidence that they are associated with dental side-effects which, while generally mild and temporary in nature, may necessitate treatment cessation in some individuals. 88 Palatal surgery is a reasonable treatment alternative for habitual snoring but a less certain treatment for OSA. 1 3 37 110 Surgical correction of nasal obstruction is important but, of itself, does not usually result in resolution of sleep apnoea. Surgical removal of obstructing lesions in the pharynx can be de®nitive and tonsillectomy/adenoidectomy is a front-line treatment of obstructive sleep apnoea in childhood. 47 Maxillofacial surgery may be necessary where craniofacial abnormalities exist that are associated with OSA, 23 but its use is limited. 18 Tracheostomy, the main method of treating sleep apnoea prior to the development of CPAP, is now only indicated in life-threatening OSA when non-invasive forms of respiratory support are not tolerated.
Central sleep apnoea
Patients with sleep-related hypoventilation due to neuromuscular disease or one of the other causes listed in Table 2 may respond to treatment with CPAP or respiratory stimulants. More usually, if suf®ciently severe, non-invasive ventilatory assistance is required and IPPV via nasal or face mask is the method of choice. 37 In those patients requiring IPPV for greater than 12 h a day and in patients with inadequate airway patency or protection, a tracheostomy may be necessary. External negative pressure ventilation, such as with a cuirass, may exacerbate or induce upper airway obstruction 49 and the cumbersome nature of this treatment has rendered it largely obsolete.
Sleep and anaesthesia±their nature and effects on ventilation

Sleep
Unlike anaesthesia, sleep is a state of rousable unconsciousness. While much is known about the electrochemical Hypertension, ischaemic heart disease, cerebrovascular disease, right heart failure Pulmonary 72 106 Hypoxaemia, hypercapnia, pulmonary hypertension Endocrine 15 38 Decreased growth hormone and testosterone levels, diabetic instability GIT 62 Gastro-oesophageal re¯ux Anaesthesia and sleep apnoea factors in¯uencing sleep onset and the sleep±wakefulness cycle, the exact function of sleep remains unclear, apart from the fact that it is essential for wellbeing.
Electrophysiology of sleep
The EEG was ®rst used to investigate and characterize sleep by Loomis and colleagues in the 1930s. 76 It was not until 20 yr later that Aserinsky and Kleitman recognized the association between eye movement and the phases of sleep 7 but this soon led to the de®nition of sleep stages based on EEG, eye movements and muscle tone, more or less as we now know them (non rapid eye movement (NREM) stages 1 through 4 and REM), by Dement and Kleitman in 1957. 24 Rechtschaffen and Kales subsequently re®ned these de®nitions into guidelines that remain the international standard after 30 yr of use. 91 A single pair of EEG leads may be used to stage sleep. Typically, one electrode is placed adjacent to the vertex (C3 or C4) and another over the contralateral mastoid (A2 or A1). The differential input from these is referred to a third, often the other mastoid. An occipital electrode may also be used. For the eye movements, another pair of electrodes is used, one above the outer canthus of one eye, the other below the outer canthus of the other eye. Both are referred to one of the mastoids. This results in out-of-phase de¯ections for both horizontal and vertical eye movements, allowing differentiation from artefacts, which are usually in-phase. A third pair of electrodes is placed under the chin to monitor the EMG.
Relaxed wakefulness is characterized by sinusoidal alpha (8±12 Hz) and low voltage, mixed frequency activity on the EEG, accompanied by eye movements, blinking, and high submental EMG tone. With sleep onset (stage 1) there is muscle relaxation, slow horizontal rolling of the eyes and a marked reduction in the amount of alpha activity, leaving mainly the low voltage, mixed frequency component.
Stage 2 may be associated with a further reduction in the EMG, but it is particularly de®ned by the appearance, superimposed upon the stage one type EEG background, of sleep spindles (short bursts of 12±14 Hz activity similar to waking alpha) and K-complexes (a sharp negative wave immediately followed by a broader, high voltage positive component). K-complexes may be either spontaneous or a response to an external stimulus, and are frequently closely associated temporally with spindles.
Stages 3 and 4, together referred to as slow wave sleep (SWS), are characterized by high voltage delta (1±4 Hz) activity (hence its other less common name, delta sleep). If the epoch has between 20 and 50% of its record consisting of slow waves then it is scored as stage 3. Epochs containing more than 50% SWS are classi®ed as stage 4.
Stage REM has an EEG pattern similar to stage 1. It is, however, clearly de®ned by the presence of episodic rapid eye movements, very low EMG amplitude and a variety of other physiological changes as described below.
The typical sleep pattern Of the few previous depictions in the anaesthetic or surgical literature of the normal human sleep pattern, 61 103 104 at least one is somewhat inaccurate 104 and none mention the changes in this pattern with age. Knowledge of the typical pattern is necessary before assessment of perioperative changes can be made and as a number of assumptions and speculations have been drawn from relatively few observations of perioperative sleep this is all the more important.
In young adults 24 60 136 a brief initial period of stage 1 is usually followed by stages 2, 3 and 4 in that order. The SWS component normally predominates this ®rst NREM period and after about 70 min of sleep the ®rst REM stage occurs, preceded by a period of stage 2. This cycle is repeated, depending upon the total sleep time, up to six times but the later cycles usually lack stage 4. The REM periods tend to lengthen as sleep progresses while the cycle length, averaging 70±90 min, shortens as the NREM component decreases more than the increase in REM. Stage 2 is the predominant stage for the total period of sleep, usually making up about 50%. Stage 1 totals about 5%, SWS about 20% and REM about 25%. The graphical depiction of sleep in stages is known as the hypnogram and an example from a young adult male is shown in Fig. 1 .
In¯uence of age
The changes in sleep pattern with age are profound 28 and have the potential to heavily in¯uence interpretation of studies into perioperative sleep. Total sleep time shows a precipitous decline during adolescence from an average of 10 h day ±1 or more at age 6 yr to about 7.5 h in early adulthood. There is then a plateau until old age when a further but less dramatic decline occurs. The proportion of time spent in bed but awake remains at a few per cent until mid-life whereafter it rapidly increases to about 20% or more in old age. The number of arousals per night increases more linearly. As a result of these changes ageing is associated with more frequent and prolonged interruptions to sleep.
REM sleep decreases from more than 50% of total sleep time in neonates 117 to about 30% in later childhood before a plateau of about 25% for most of adulthood and a further decline to about 20% late in life. Stage 4 sleep, on the other hand, displays no plateau, its total amount declining sharply during adolescence, then halving again between the ages of 20 and 60 yr. This decline in stage 4, about half of which normally occurs in the ®rst sleep cycle on any given night, results in a shorter ®rst cycle and hence a reduction in REM latency, the time to ®rst REM onset. This ®rst REM period also becomes longer in old age, leading to a more even distribution of REM throughout the sleep cycles, the number of which is about the only sleep variable to remain constant with age.
Other physiological variables in sleep
A complete account of the gamut of physiological changes during sleep is outside the scope of this work. Each stage of sleep has a fairly distinct pattern of physiological phenomena 26 43 and the complexity is such that any attempt at classifying sleep stages according to some arbitrary measure of`depth' amounts to gross oversimpli®cation. Nevertheless, in order to examine the impact of sleep in the perioperative period knowledge of some of these changes is required.
Skeletal muscle function. All skeletal musculature, be it postural, chest or abdominal wall, diaphragm or upper airway, is subject to state-related activity changes. There are, however, marked differences between the groups. The tone of postural muscles, compared with wakefulness, is reduced somewhat in NREM and almost completely abolished in REM. This is a consequence of hyperpolarization of alpha motor neurones 108 which is most marked during the transition from NREM to REM sleep and during bursts of eye movement activity, commonly referred to as phasic REM sleep. 81 Despite this, phasic REM is characterized by rapid, random¯uctuations in motor neurone membrane potential, hence varying levels of excitation and inhibition resulting in the eye movements and twitches of limbs and facial muscles. This occurs against the background active inhibition of tonic REM sleep. In contrast to non-respiratory muscles, the inspiratory activity of the chest wall, accessory and diaphragm muscles is preserved in NREM, as is the expiratory activity of the abdominal wall. 48 112 113 124 During REM, the tonic and phasic activity of all of these muscles except the diaphragm is greatly reduced. The diaphragm's phasic activity is preserved, albeit on a background of reduced tone. 128 This explains the profound hypoventilation seen when patients with diaphragmatic weakness enter REM sleep. 111 The upper airway musculature follows the same pattern as the postural muscles, 107 increasing the tendency to collapse, 55 especially during REM, but as some muscles are constrictors rather than dilators, and as the state-related changes differ from muscle to muscle and from individual to individual, this tendency may not be universal.
Ventilation-perfusion relationship. Functional residual capacity (FRC) is reduced during sleep, presumably as a consequence of sleep related changes in respiratory muscle tone together with gravitational effects of the supine position on the lung and abdominal contents. 54 This results in atelectasis in the dependent regions of the lung with shunt, particularly in the case of patients with obesity and chronic lung disease. 10 Load compensation. The application of resistive or elastic respiratory loads during wakefulness leads to a rapid increase in the motor output to the respiratory musculature as well as an increase in the duration of inspiration. 57 134 137 In addition, increased negative pharyngeal pressure resulting, for example, from increased upper airway resistance leads to an increase in the neural output to upper airway dilator muscles. 79 132 Sleep not only imposes both resistive and elastic loads on the respiratory muscles, via upper airway narrowing and decreasing FRC, respectively, but it also compromises the compensatory mechanisms that cope with these changes. During NREM sleep, load compensation occurs but is slow and incomplete 7 134 137 with increased reliance on chemical drive which itself may be depressed (see below), the end result being a degree of hypoxaemia and carbon dioxide retention. The situation in REM is worse still, with a further increase in loading and a simultaneous failure of intercostal, accessory, upper airway dilator and expiratory muscles to assist in the necessary compensation. The coexistence of either neurological or mechanical respiratory disease, already challenging the compensatory mechanisms, further increases the tendency to hypoventilation.
Ventilatory control. Wakefulness has an important stimulatory effect on ventilation. While it appears that chemosensitivity is important for maintaining ventilation during sleep, as indicated by the increased sleep-related hypoventilation seen in patients with carotid body denervation, 22 the effects of sleep on chemoreception are far more complex and dif®cult to de®ne. Standard tests of acute ventilatory responses have demonstrated varying degrees of inhibition, particularly of the response to combined hypoxia and hypercapnia, but these may overestimate the reduction in chemosensitivity as other factors such as increased upper airway resistance, impaired load compensation and changes in cerebral blood¯ow need to be considered. 26 On the other hand, sleep does unmask the`apnoeic threshold', not normally seen in wakefulness. 25 Thus, in sleep, apnoeas or hypopnoeas can be produced by lowering the PCO 2 , as may occur during hypoxic hyperventilation. 12 This reduction in Anaesthesia and sleep apnoea ventilation may then result in an overshoot into hypoxic hypercapnia again, leading itself to hyperventilation and consequently a cycle of hypoxia-induced periodic breathing with large swings in oxygen saturationÐa variant of central sleep apnoea. Ironically, suf®ciently large increases in upper airway resistance may be one factor preventing periodic breathing in some subjects by limiting the hyperventilation. 26 Despite the lack of clarity with respect to sleep effects on chemosensation, it appears that there is a reduction in output from medullary respiratory neurones, particularly during NREM, whereas in REM the output from these neurones tends to be related to the variability in breathing pattern. 26 REM, however, is associated with a depression of the arousal responses to hypoxia and hypercapnia, leading to a tendency for apnoeas to be longer and desaturations more severe in that sleep stage.
Anaesthesia
In contrast to sleep, anaesthesia is a state of unrousable unconsciousness.
The electrophysiological nature of anaesthesia is an area of intense ongoing investigation, particularly now with devices allegedly able to monitor`depth' of anaesthesia becoming available. It is, however, a very complex issue as different anaesthetic agents have different effects on the EEG 14 so that no unitary pattern indicating anaesthetic depth' exists. It is, therefore, very dif®cult to make any electrophysiologic comparisons between sleep and anaesthesia, although attempts are being made, 114 and such comparisons are probably irrelevant in any case, as the two states are quite distinct. With few exceptions, anaesthetic and sedative drugs produce a dose dependent depression not only of consciousness, but also of most other vital functions, including all those related to respiration. Apart from abolition of the stimulatory effects of wakefulness these include depression of hypoxic and hypercapnic responses, 116 load compensation re¯exes 85 and the arousal responses that normally protect against asphyxia. As with sleep there is depression of skeletal muscle tone with reduction in FRC, predisposing to atelectasis, and upper airway muscle relaxation predisposing to obstruction. These effects are compounded by reduction in the phasic activity of intercostal and accessory respiratory muscles, increasing dependence on the diaphragm, and of the upper airway muscles during inspiration, further predisposing to obstruction as this activity acts to stiffen the airway as intraluminal pressure falls. 127 The presence of a vigilant anaesthetist to monitor and maintain vital functions during anaesthesia protects the patient from these effects. However, drug induced sedation and post-anaesthesia drowsiness, where the borders between wakefulness, sleep and anaesthesia are less distinct and monitoring perhaps less rigorous, present great potential danger to the patient with a sleep-related breathing disorder because of the depression of these responses.
Sleep in the post±operative period
There has only been one study examining the effects of general anaesthesia alone (with iso¯urane) on subsequent sleep and it would appear that this effect is negligible. 84 Other studies imply that the type of anaesthesia is also not important. 61 75 The addition of a surgical insult changes things considerably. 102 Sleep architecture is disrupted to a degree which is generally proportional to the`magnitude' of the surgery as is the duration of the disruption, but it is important to note that there is considerable inter-individual variation and speci®c situations where the generalization may not hold. The disturbance takes the form of reduced total sleep time with a disproportionate reduction in REM and SWS. 8 61 At some point during the ®rst postoperative week there is a rebound, ®rstly of total sleep time with mainly stage 2 usually, then a resurgence of REM (`REM rebound') and to a lesser extent SWS. 65 87 The precise mechanism by which the surgical insult produces the sleep disruption is not completely clear but it is likely that pain plays a major role. Other factors, which may be independent of the surgery and thus account for some of the variability, are neuroendocrine, metabolic and psychological responses, opioid analgesia, and environmental factors such as noise, light and nursing activity. 75 102 105 The extent to which these changes in sleep architecture after surgery in¯uence morbidity and mortality is currently unknown but there has been considerable speculation based on indirect evidence. 102 104 Patients with REM predominant apnoea, for example, might be expected to have an increase in the number and degree of desaturations over a night where REM rebound is occurring 103 but this possibility has been inadequately investigated. Similarly, the occurrence of REM rebound has led to the suggestion that an associated late postoperative increase in nocturnal hypoxaemia could be contributing to mental confusion, wound breakdown, myocardial ischaemia and infarction, stroke and death. 34 35 93 98±101 While some relevant associations have been demonstrated direct evidence of causation is lacking.
While anaesthesia, of itself, may not effect subsequent sleep once the anaesthetic agents are eliminated, a considerable amount of research over the last 20 yr has considered the effects of subanaesthetic concentrations on sleep and ventilatory control. Commencing with the work of Knill's group in the 1970s, 64 con¯icting results have emerged regarding the effects on ventilatory responses to hypoxia and hypercapnia of subanaesthetic concentrations of potent inhalational agents, such as might be present in the minutes to hours after emergence, 33 as well as some other drugs commonly used perioperatively. One reason for these con¯icts appears to be the effect of sleep as van den Elsen, Dahan and colleagues have shown that subjects stimulated and kept awake exhibited more or less normal ventilatory responses despite the presence of the potent inhalational agent whereas those allowed to sleep exhibited ventilatory depression. 130 131 The mechanism by which sleep might contribute to the depression of ventilatory responses by sedative agents has not yet been investigated.
Anaesthesia and sleep disordered breathing
Perioperative risks for sleep apnoea
Notwithstanding the relative paucity of speci®c information, knowledge of their physiological effects strongly suggests that anaesthetic, sedative and analgesic agents will aggravate or precipitate OSA by decreasing pharyngeal tone, depressing ventilatory responses to hypoxia and hypercapnia and inhibiting arousal responses to obstruction, hypoxia and hypercapnia. These latter effects frequently result in varying degrees of central respiratory depression. A variety of surgical factors are also contributory. Surgery of the thorax and upper abdomen compromises ventilatory function, 27 66 potentially compounding the effects of any OSA or centrally mediated hypoventilation that might occur postoperatively. Surgery involving the upper airway carries the risk of postoperative swelling that can worsen or precipitate obstruction. 16 70 80 18 The same applies to situations where the nose is packed or a nasogastric tube is required, as the reduced lumen calibre will necessitate the generation of more negative pharyngeal pressures during inspiration thus promoting collapse. 122 They may also compromise therapy by making nasal CPAP dif®cult or unusable, and a full-face mask may be required in such circumstances. Patients are frequently nursed supine, sometimes for good reason, and as OSA is often position-dependent this, too, may contribute to increased risk of upper airway obstruction.
To whom might these risks be important? OSA is common and anaesthetists will often deal with sufferers. There are those who present having already been diagnosed with the disorder. The majority of this group will be on some sort of treatment, usually CPAP, but with a variable degree of compliance. 36 Some will bring their CPAP machines with them to hospital while others will arrive without their equipment, seemingly quite prepared to forego treatment for the duration of their hospital stay. It can reasonably be assumed that many in this latter group are poorly compliant at home. Another group will have been diagnosed with sleep apnoea but either declined treatment from the start or failed a trial of therapy.
There are still a large number of people who present for surgery with features suggestive of sleep apnoea but who have either never even heard of the condition and/or have not sought diagnosis or treatment. There is also a ®nal group of patients who have apnoea but either lack the overt features or have features that are missed perioperatively. Given the high prevalence of OSA in the community, there appears to be little doubt that the number of patients in these last two groups far outweighs the number having already been diagnosed.
Suspected or undiagnosed apnoea
Enquiry about snoring and sleep should be a routine component of the preoperative visit. Patients should be asked about common symptoms: heavy snoring with, perhaps, sudden awakenings associated with a choking sensation or similar; witnessed apnoea by a bed partner; waking unrefreshed in the morning perhaps even with a headache; excessive daytime sleepiness. These symptoms should particularly be sought in obese patients, middle aged and older patients and in patients with conditions leading to narrowing of the upper airway such as nasal obstruction, tonsillar hypertrophy, or retrognathia. Where dif®cult intubation is anticipated the possibility of sleep apnoea should also be entertained. 50 The presence of otherwise unexplained respiratory or right heart failure or polycythaemia might also point to undiagnosed (and severe) sleep apnoea.
In cases of suspected sleep apnoea, especially if thought to be severe, deferral of the surgery should be considered to enable investigation and, where indicated, institution of treatment preoperatively. In many instances, the delay this entails would be inconvenient or, in the case of emergency surgery, impossible. Where available and practicable, preoperative consultation with a sleep physician may allow a sleep study to be performed and the problem de®ned and treated at short notice. If not, perioperative management should be planned on the basis that the patient has the condition, according to the principles outlined in the following section with an intention to refer the patient for de®nitive investigation at the earliest opportunity.
Anaesthetists are in an excellent position to screen patients for sleep apnoea and as it can be associated with substantial morbidity it is a responsibility they should not ignore. A clinical suspicion of sleep apnoea may ®rst develop at the preoperative consultation, intraoperatively (if the patient proves dif®cult to intubate or it is dif®cult to maintain the airway 50 ) or postoperatively with snoring and obstruction observed in the recovery room and/or beyond. These considerations are as important to children as they are to adults, with growth and development potentially compromised by untreated sleep apnoea. 96 
Diagnosed apnoea
The preoperative assessment of patients where the diagnosis of sleep apnoea has been made should be used to establish the severity of the sleep apnoea, mode of treatment, compliance with and complications of treatment, complications of the apnoea itself and conditions the patient might have which are the cause of or otherwise associated with the apnoea.
OSA is, by de®nition, an airway problem and its presence may indicate a predisposition to dif®culty with intubation or airway maintenance under anaesthesia. Severity of sleep apnoea may be an important predictor of these dif®culties. While there are good theoretical grounds on which to suspect these associations, it is important to note that, at the current state of knowledge, they remain speculative. Prudent anaesthetic management is guided by awareness of these possibilities.
The anaesthetic management plan is determined by the severity of sleep apnoea, how it has been managed prior to anaesthesia, the planned surgical procedure and the likely postoperative analgesic requirements. In the case of mild OSA, managed conservatively (without CPAP) presenting for a simple procedure with little anticipated postoperative discomfort, an anaesthetic technique which either avoids unconsciousness or ensures its early recovery together with close observation and nursing in the lateral posture during the early recovery process may be the only speci®c measures necessary. In contrast, the patient with severe OSA who has substantial analgesic requirements will need close supervision in a high dependency area postoperatively and use of nasal CPAP whenever sedated or otherwise asleep. Such patients particularly may bene®t from regional anaesthetic and analgesic techniques, the potential bene®t increasing with OSA severity, although complications of such techniques have occurred in this setting. 67 Provision for`the worst case scenario' of persistent upper airway obstruction should be made even with patients with mild OSA and a breathing circuit capable of delivering CPAP should always be available when the presence of OSA is known or suspected.
Preoperative preparation. Patients with diagnosed apnoea who are being treated with CPAP should take their equipment to the operating theatre with them for use postoperatively. These arrangements should be discussed with the patient. There are psychological as well as physiological aspects to consider. While less compliant patients may care little, there are many that are very concerned at the idea that they may stop breathing. The knowledge that their CPAP machine is available is likely to be important to them.
Attending staff must understand the use of the CPAP machine so that they are able to apply it to the patient while he/she is unable to apply it him/herself. While this knowledge may be commonplace amongst the nursing staff of some hospitals it should not be assumed. Staff should be instructed in its use prior to surgery, the patient demonstrating its function if necessary. Hospitals with their own sleep units will have nurses and/or technologists who are familiar with CPAP therapy and able to render assistance where required. This should be established beforehand and the hospital's sleep unit may have CPAP machines available to loan where needed.
It has been argued that sedative premedicants should be avoided in OSA patients. 21 133 Certainly it is sensible to exercise some care with premedication but in those patients on CPAP there is no real contraindication to even quite heavy premedication as their CPAP may be applied if they get sleepy and oxygen can be added if necessary. 94 It is appropriate to monitor oxygen saturation and for the patient to be observed. An unsupervised holding area is inappropriate for a premedicated sleep apnoea patient. If more than light premedication is prescribed then an i.v. cannula should be placed in case antagonists are required urgently. Appropriate antagonists should be immediately available. Some authors have suggested aspiration prophylaxis 21 and the possibility of airway dif®culty may justify the use of antisialogogues in these patients. 133 Intraoperative care. Choice of anaesthetic technique is important. The problems of airway maintenance intra-and postoperatively and suppression of arousal responses can be circumvented by use of regional techniques. If the surgical procedure lends itself to them and the patient is otherwise suitable they should be considered, bearing in mind the necessity for airway management should the regional technique result in unconsciousness or respiratory paralysis. If general anaesthesia is necessary then the following considerations apply.
Preparation for a possible dif®cult intubation should be made along with strategies to manage what may be a dif®cult airway intraoperatively if the patient is not to be intubated. The choice of induction and maintenance agents is probably not important although it would seem sensible to avoid large doses of longer acting drugs, especially neuromuscular blocking agents. Opioids should be used judiciously although the availability of CPAP will obviate potential dif®culty postoperatively, particularly if the patient is already familiar with it. The issue of familiarity is important, as the early postoperative period is not the ideal environment for introduction of CPAP therapy, particularly if the patient is restless, in pain or hypoxaemic.
Postoperative care. In the recovery room and the postoperative ward the patient should be nursed in the lateral posture because of the particular tendency to upper airway obstruction when supine. A nasopharyngeal airway can be a useful aid during emergence. 138 Nasal CPAP should be applied where obstruction persists despite these simple measures.
Oxygen therapy alone is not an adequate treatment of OSA as the issues of recurrent arousals and of carbon dioxide retention remain. The absence of recurrent desaturation may also act to mask the presence of obstructive episodes, particularly in the presence of an inexperienced observer. Oxygen can be added to CPAP treatment. The most economical place to add it is via a side port on the CPAP mask where relatively low¯ows (2±4 litre min ±1 ) can produce a high FI O 2 . This addition does not change the CPAP pressure supplied by most modern machines.
The potential problems associated with the use of postoperative sedatives may be circumvented by the use of regional analgesia and/or non-steroidal analgesics or, if opiates are needed, effective use of CPAP.
It is important that the patient with OSA is nursed in the appropriate postoperative environment. This issue is closely related to the patient's analgesic requirements. For the patient who requires CPAP therapy direct supervision is needed while sedated or otherwise asleep until they are capable, unaided, of applying their therapy correctly. This may require admission to a high dependency unit for one or more days postoperatively, particularly for those patients not already familiar with CPAP therapy. On the other hand, patients who recover quickly from general anaesthesia and have little narcotic or sedative requirement, or who have good regional analgesia, may be in a position to manage their own CPAP therapy immediately following discharge from the recovery room with no need for special nursing. Where upper airway surgery has been performed, especially in the case of children, high dependency care is warranted. Postoperative swelling has been known to exacerbate apnoea after adenotonsillectomy or uvulopalatopharyngoplasty 16 80 and death due to obstruction has occurred after velopharyngeal repair of cleft palate. 70 129 If serious compromise of upper airway patency is anticipated after upper airway surgery then undue reliance on CPAP is inappropriate. The patient may require prolonged tracheal intubation or, where several days or more of airway compromise is anticipated, tracheotomy.
Patients with nasogastric tubes and those having nasal surgery present a special dif®culty. The presence of a nasogastric tube does not preclude the application of CPAP as the nasal mask can be applied over the tube, which runs under the mask cushion, but leakage and comfort may be a problem. Patients who have had nasal surgery performed are problematic, particularly if their noses have been packed. A nasopharyngeal airway may be tolerated and it may also be possible to have the surgeon pack the nose around it, although it may have limited calibre. CPAP may need to be applied via a full face rather than nasal mask in such cases.
Summary
Sleep disordered breathing is a common problem affecting all age groups, particularly in association with certain other medical conditions and syndromes. The pathological consequences of the disorder may be severe, with signi®cant implications for the perioperative management of sufferers.
Research into the effects of surgery and anaesthesia on sleep is very much in its infancy. Understanding of the implications of sleep disturbance and sleep disordered breathing for perioperative morbidity and mortality is limited. While several observations have led to considerable speculation in the literature, evidence of a causal relationship is still largely lacking.
Anaesthetists are ideally placed to screen large numbers of people for sleep disordered breathing, a source of considerable community morbidity. Recognizing the symptoms, signs and associations of the condition during the preoperative visit is important in planning management, as is recognition of the likelihood of OSA in patients who present dif®culty with tracheal intubation or airway maintenance. Particular care is required in the perioperative management of patients with diagnosed or suspected sleep apnoea.
